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Ballast device for a discharge lamp

The invention relates to a ballast device for a
discharge 1lamp, having a DC voltage supply stage,
semiconductor switches which are switched at a
radiofrequency clock frequency for the purpose of
changing the current direction through the discharge
lamp, a starting transformer, to which the DC voltage
of the DC voltage supply stage can be supplied via a
series capacitor, and a ballast inductance which is
connected to an electrode, not connected to the

starting transformer, of the discharge lamp.

Numerous embodiments are known for ballast devices for
discharge lamps, such as arc lamps. The common factor
with these ballast devices is the fact that the current
direction of the ignited arc in the discharge lamp
needs to be changed continuously in order to prevent

one of the electrodes being exhausted at one end.

It is known for the current direction to be reversed
even at a very high clock frequency of, for example,
300 to 400 kHz. In this case, resonance phenomena in
the discharge 1lamp are reliably prevented, since
resonances of the discharge lamps are at markedly lower
frequencies. Radiofrequency clocking makes it possible
for the ballast device to be small in size, since
comparatively low inductances are required.
Furthermore, the ballast device run quietly and largely
without any harmonics.

The DC voltage is supplied from the DC voltage supply
stage, which is preferably in the form of a step-up
converter, via a series capacitor which is required for
recharging purposes for the change in current
direction. The series capacitor 1is dimensioned such
that approximately half the voltage supplied from the

DC voltage supply stage is present . across it, with the
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result that, in practice, the output voltage of a step-
up converter of 370 V downstream of the series
capacitor is halved to approximately 185 V, with the
result that only half the voltage through the primary
winding of the starting transformer reaches the
discharge lamp. The starting transformer which is used
for stepping up the voltage of radiofrequency pulses
supplied separately to it for the starting operation,
produces, on the secondary side, voltage pulses of, for
example, 25 kV, which bring about ionization of the
discharge path in the discharge lamp. The voltage
supplied to the discharge lamp from the DC voltage
supply stage is under certain circumstances
insufficient to ensure reliable starting (ignition) of
the discharge lamp. In practice, under certain
circumstances numerous starting attempts therefore need
to be undertaken in order to bring about the desired
operation for the discharge lamp.

The invention is based on the object of improving the
starting of the discharge lamp using simple means
whilst retaining the function of a ballast device which

is subject to radiofrequency clocking.

For the purpose of achieving this object, a ballast
device of the type mentioned initially is
characterized, according to the invention, in that,
between a connecting point between the series capacitor
and the starting transformer, on the one hand, and a
connecting point between the discharge lamp and the
ballast inductance, on the other hand, a capacitor is
connected in series with a switch, and in that the
capacitor forms, with the ballast inductance, a series
resonant circuit which is tuned to a higher harmonic of

the clock frequency.

Owing to the =series resonant circuit, which Iis

effectively switched only for the starting operation by
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means of the switch which is connected in series with
it, the AC voltage produced by radiofrequency clocking
is superimposed by a harmonic which significantly
increases the voltage produced across the lamp during
and after the discharge - introduced by a high-voltage
pulse from the starting transformer, with the result

that the arc is formed with greater reliability.

Since the series resonant circuit 1is tuned to a
harmonic of the clock frequency, care must be taken to
ensure that no sharp resonant peak due to a high
quality factor occurs which could result in the
semiconductor switch being destroyed by an overcurrent.
For the purpose of making use of an increase in the
voltage without the risk of a too high resonant peak,
according to the invention, the series resonant circuit
is tuned to a higher harmonic. As 1is known, this
reduces the effect of resonance-induced, excessive

increase in current.

In practical embodiments, it has proven particularly
successful to tune to the fifth harmonic, but in some
cases also to the third harmonic of the clock
frequency. It is therefore preferred to tune the series
resonant circuit to a resonant frequency which lies
between the third and the sixth harmonic of the clock
frequency.

The invention will be explained in more detail below
with reference to an exemplary embodiment illustrated

in the drawing.

The drawing shows a schematic circuit diagram of an

embodiment of a ballast according to the invention.

Connected to the terminals 1 of a system voltage
(220 V) is a DC voltage supply stage 2 in the form of a

step-up converter. Illustrated schematically is a
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rectifier bridge 3, a longitudinal inductance 4 and a
parallel-connected switch 5 and a diode at a positive
output of the DC voltage supply stage 2. The DC voltage
output by the DC voltage supply stage 2 on two output
lines 7, 8 1is present in smoothed form across a
smoothing capacitor 9, connected between these lines 7,
8. Connected in parallel with the capacitor is a series
circuit comprising two semiconductor switches 10, 11.
The two semiconductor switches 10, 11 are switched on
and off alternately at a frequency of 300 to 400 kHz by
a control circuit 12, the switching frequency being
regulated as a function of the current flowing through
the respectively closed semiconductor switch 10, 11 and
measured using a current sensor 13, in order thus to
produce a constant current. The output line 7 carrying
the positive DC voltage is connected to an electrode of
a discharge lamp 16 via a capacitor 14 and a starting
transformer 15. The other electrode of the discharge
lamp 16 is connected to a connecting point 18 between
the two semiconductor switches 10, 11 via a series-
connected ballast inductance 17. The capacitor 14 is
dimensioned such that approximately half the supplied
DC voltage is present across 1it. As a result,
approximately half the voltage which is present across
the smoothing capacitor 9 1is present across the
discharge lamp 16. The change in current direction
through the discharge lamp 16 which is brought about by
the semiconductor switches 10, 11 results in only a
slight increase or decrease in this half voltage which
thus remains essentially constant apart from small
fluctuations in the switching clock of the
semiconductor switches 10, 11. It is thus only the
direction of the current through the discharge lamp 16
which is changed.

In order to prevent switching losses of the
semiconductor switches 10, 11 when the previously

closed semiconductor switch 10, 11 is opened, whilst
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the other, previously open semiconductor switch 10, 11,
is likewise still open (non-conducting) for a short
period of time in order to prevent a short-circuit
current, parallel circuits comprising in each case a
capacitor 19 and a diode 20, connected back-to-back in
parallel, are connected in parallel with the two
semiconductor switches 10, 11. The capacitor 19
discharged by the closed, associated semiconductor
switch 10, 11 is charged when the associated
semiconductor switch 10, 11 is opened, and thus half of
the current carried by the semiconductor switch 10, 11
when the semiconductor switch 10, 11 1is opened is
transferred to the inductor 17, with the result that
the switch-off losses in this semiconductor switch 10,
11 are considerably reduced. The capacitor 19 connected
in parallel with the previously open semiconductor
switch 10, 11 is charged at the switching time to the
input voltage, and the second half of the current is
transferred to it, as a vresult of which it is
discharged, with the result that this semiconductor
switch 10, 11 1is subsequently switched on with no
voltage applied and thus in a 1loss-free manner.
Moreover, the load-relief current flows through the
lamp circuit, i.e. the ballast inductance 17, the lamp
16, the starting transformer 15 and the capacitor 14.

For the case in which the lamp is defective and does
not start or is inadvertently not inserted in the
associated fitting at all, the load-relief current can
thus not flow.

In order to nevertheless ensure effective load relief
of the semiconductor switches 10, 11, an auxiliary
inductance 21 in series with a switch 22 is connected
in parallel with the arrangement comprising the lamp 16
and the starting transformer 15, 1i.e. between the

circuit points 26, 27.



10

15

20

25

30

35

WO 03/077614 PCT/DE03/00786
- 6 -

The switch 22 is closed, <controlled by suitable
sensors, as soon as the voltage between the circuit
points 26 and 27 approaches a no-load voltage of
approximately 185 V. As a result, a current which

ensures the above-described recharging of the
capacitors 19, connected in parallel with the
semiconductor switches 10, 11, flows through the

auxiliary inductance 21 in place of the lamp current.
The switch 22 is opened as soon as a lamp current of a

specific value is sensed.

This ensures that, during normal operation of the lamp
16, the operation of the ballast is not altered by the
auxiliary inductance but that the auxiliary inductance
21 is effective only under no-load conditions for the

purpose of producing the load-relief current.

Also connected in parallel with the arrangement
comprising the starting transformer 15 and the lamp 16
is a switch 23 in series with a parallel circuit
comprising a capacitor 24 and a resistor 25. This
circuit serves the purpose of assisting the starting of
the lamp 16.

The DC voltage present between the output lines 7, 8 is
isolated via the capacitor 14 which is charged to half
the DC voltage. As a result, the amplitude of the AC
voltage occurring between the circuit points 26, 27
likewise assumes only half the value of the DC voltage.
The value of this voltage does not ensure reliable
starting of the lamp 16.

In order to assist starting, the switch 23 is closed
for the starting operation. The capacitor 24 forms,
with the ballast inductance 17, a resonant circuit and
is dimensioned such that the resonant frequency of the
resonant circuit comprising the ballast inductance 17
and the capacitor 24 is at a higher harmonic of the
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switching frequency of the semiconductor switches 10,
11. As a result, a harmonic voltage of the ballast
inductance 17 is added to the square-wave voltage of
the semiconductor switches 10, 11 which is present
between the connecting point 18 and the circuit point
27, with the result that the voltage amplitude required
for reliably forming the arc directly after starting
the lamp 16 is achieved.

The tuning of the series resonant circuit formed from
the ballast inductance 17 and the capacitor 24 to a
higher harmonic, preferably the fifth harmonic,
guarantees, in conjunction with the damping owing to
the parallel resistor 25, that the semiconductor
switches 10, 11 are not subjected to an overcurrent as
would be the case if the resonant circuit comprising
the ballast inductance 17 and the capacitor 24 were to
be set directly at the resonant frequency of the
switching frequency of the semiconductor switches 10,
11.

It is also possible for other harmonics than the fifth
harmonic, for example the third harmonic, to be used
for specific embodiments of the invention. The
criterion for selecting the harmonic consists in
reliably setting the desired voltage increase without
the risk of subjecting the semiconductor switches 10,

11 to an overcurrent.

Not shown in the schematic circuit diagram is the
possibility of the entire ballast device Dbeing
disconnected when the current flow measurement, for
example using the sensor 13, shows that the no-load
condition for a specific minimum period, for example a
few seconds, is maintained. As a result, it is possible
for the auxiliary inductance 21 to be dimensioned to be
small in terms of physical volume, since it only needs
to carry out the load-relief function for a 1limited
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